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Lubrication of Non-Metallic Bearings’ 


The art of manufacturing bearings of 
the phenolic type, has been broadened with 
the passing of each year, and their use has 
gradually been extended from their first 
installations on light loads at relatively high 
speeds, to heavy loads and moderate speeds. 
The quality has also been improved to the 
point where they are adaptable for most 
conditions in present day applications, and 
after more than 10 years of extensive use, 
synthetic bearings have now become defi- 
nitely established in steel mills. Because 
their characteristics are entirely different 
from those bearings of the metallic type, it 
is necessary for operating men to become 
familiar with a few simple requirements be- 
fore they can use them successfully. This 
discussion, composed of excerpts from pre- 
vious papers, conveys experiences and other 
information which should promote a better 
understanding of the lubrication of com- 
position bearings. 

All bearings, whether metallic or com- 
position, are limited in performance by the 
maximum allowable temperature of the ma- 
terial. All bearings generate frictional heat, 
the control of which will spell success or 
failure in any application. Friction is the 
result of surface contact and is governed by 
the relative smoothness and hardness of the 
surfaces involved. The roll neck or journal 
should be smooth and free from scratches 
and pits. Where heavy bearing loads are 
encountered, the finishing of the necks must 
be done very carefully, because this is one 
of the important factors in synthetic bearing 
operation. Good chuck fit is next in impor- 
tance, and the chucks and the bearings 
should therefore be machined to a good fit. 
When the contours of chucks and bearing 
liners are not in perfect agreement, hot spots 


will develop due to the concentration of the 
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load, and failure is likely to occur if the 
condition is not corrected. Assuming that 
all bearing liners have a perfect backing in 
a chuck strong enough to resist bending 
strains, the contact area is the next con- 
sideration. 


Regardless of make-up, bearings of the 
phenolic type have a fine resin film on the 
surface which is hard and slightly abrasive 
in action. This increases the operating tem- 
perature in the running-in period and calls 
for extra care for the first few hours of 
operation. Going even further a bearing 
may have a perfect chuck fit, roll neck in 
excellent condition, skin removed from the 
bearing surface, and still operate hot. This 
behavior can be caused by too large an arc 
of contact for the bearing. Our experience 
is, an arc of contact over 120° is not desir- 
able for synthetic bearings due to the resil- 
iency of the material which, under heavy 
loads, will spring in and produce a choking 
effect on roll neck or journal. For light 
bearing loads this behavior need not be 
considered. In some designs attempts are 
being made to eliminate this clamping by 
using a bearing with an inside diameter up 
to 1/16 inch larger than the outside diam- 
eter of the roll neck. This is occasionally 
worse than the clamping effect itself, be- 
cause, if the load is not sufficient to com- 
press and cold-flow the material to the form 
of the roll neck, a heavy load concentration 
will take place, resulting in hot spots and 
eventual wiping of the bearing. Bearings 
that are jaw tight due to changing from 
roll to roll of different journal diameters 
will squeal and burn when the mill is first 
started. Swabbing of bearings and journals 
in roll changes will prevent this. Thrust 
collars are bound to wear excessively regard- 
less of lubrication, if they don’t fit perfectly 


into the fillet. If the collar has too small 
a radius, it will climb the fillet, causing 
spotty contact and burning. Lubrication at 
its best cannot rectify such a condition. 
After a mill has been set up, rolls «and 
bearings changed and pulled up tight, it is 
always good practice to back off the thrust 
adjustment screws a flat or two. This re- 
lieves the collar sufficiently to allow water to 
penetrate and lubricate. With synthetic 
resin bearings, the arc of contact should be 
just large enough to maintain proper roll 
alignment, that is, it may be much smaller 
than for metal bearings. Under light load- 
ing, danger from hot spots is not serious. 
The proper contact area is gradually estab- 
lished in operation, at a point where wear is 
at a minimum. 


As more experience is being gained in 
operating these bearings, it becomes easier 
to suggest workable ideas in regard to the 
arrangements of scale guards, water guards, 
wipers and other devices that are needed on 
many installations. Scale guards are neces- 
sary on plate mills, blooming mills and 
other large stands. Different types of guards 
are used, depending upon whether hot top 
ingots are rolled, or only the usual quantity 
of heavy mill scale is encountered. Water 
guards have been developed which effec- 
tively keep water off dry rolling stands. 
Pinion stands are equipped with still a dif- 
ferent type of guard, easily installed on 
open-type housings. 

So far we have considered the reduction 
of frictional heat, by providing perfect sur- 
faces and bearing fits. However, due to the 
low heat conductivity of composition bear- 
ings, a cooling medium is required for regu- 
lating their operating temperature. Know- 
ing the critical temperature and the rate of 
heat generation, the problem is to deter- 
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mine the rate of cooling, which will permit 
operation below this temperature. Cooling 
of roll necks or journals is generally accom- 
plished by the use of water. The amount 
of water required for this purpose is de- 
pendent on several factors. 


(a) The heat generated in the bearing 
itself. 


(b) The type of work, whether continu- 
ous or intermittent, with light or no 


load periods. 


(c) The amount of heat transmitted 
from the roll body. 

(d) The temperature of the cooling wa- 

ter, its location, and the exposed 

roll-neck area. 


An easy flow of water with ample vol- 
ume, is usually more effective than a jet- 
type pressure spray. The water should 
cover as much of the exposed journal sur- 
face as possible. When bearings cover the 
top and bottom of the journal the water 
should be applied to both sides between the 
top and bottom bearings. 


A lazy flow of water of good volume 
washes out the pepper carbon scale and also 
has a more definite cooling action than a 
spray. Sprays do not cool as efficiently as 
the swiftly flowing water will not allow heat 
transfer readily. Hydraulic sprays are det- 
rimental insofar as they blow the pepper 
carbon into the bearings. Descaling sprays 
should always be set away from the mill. 


Several precautions must be taken in con- 
nection with the water used. First, its tem- 
perature is a factor in the rate of heat trans- 
fer; second, it must be free from abrasive 
impurities such as dirt, sand, etc.; and third, 
it must be free from chemical impurities 
such as salt. When there is a trace of salt 
or acid in the cooling water, a surface 
breakdown of the roll neck is sure to fol- 
low, resulting in abnormal wear on the 
bearing. On the other hand, water in a 
closed system may be treated to give in- 
creased bearing lift. It is not the intention 
here to enter into the theories and facts 
behind the last statement. However, it is 
observed almost daily that under certain 
load, speed, temperature and water condi- 
tions a dark film forms on the journal or 
the neck surface.and that, as soon as this 
film is in evidence, a reduction in power 
consumption and a drop in operation tem- 
perature follow. The formation of this film 


is partly due to chemical and partly to me- 
chanical causes. The important fact is, 
however, that the separation of the bearing 
surfaces by this film results in a higher 
efficiency in operation. 


This phenomenon prompted the investi- 
gation of lubricants as a means of produc- 
ing a separating film between the rubbing 
surfaces. Water-soluble oils at once showed 
their inability to maintain a separating film 
even under moderate load conditions. The 
same was noticed for most of the water- 
repellent oils investigated. The reason for 
this is the inability of the oil to adhere to 
the rubbing surfaces. Some of the high- 
pressure greases operated satisfactorily at 
speeds of 200-250 f.p.m. and medium loads 
up to 1750 p.s.i., but failed badly at low 
speed on high bearing pressure applications. 
The final investigation was made with ex- 
treme pressure quality greases, and here 
compounds containing tallow or suet proved 
superior to most other types of extreme 
pressure media. 


We now use grease containing graphite, 
which we contend “conditions” both the neck 
and the bearing. The graphite works into 
the pores of the steel to give it a burnished 
appearance. After the resin coating is worn 
away from the bearing surface, the graphite 
is held in the fabric to give added lubrica- 
tion. This has been observed time and again 
after the change of rolls. When the top 
bearing is raised off the neck, a perfect pat- 
tern of the fabric is molded in graphite on 
the neck. It has also been found that as 
long as the roll is in storage, a very small 
amount of rust is found, showing the pro- 
tective action of the graphite. 


Tests on lubricants proved the impor- 
tance of water cooling to maintain a rea- 
sonable operating temperature, as it was 
noticed that, with the exception of the self- 
generated dark film referred to, all other 
grease films gave a higher coefficient of 
friction. The friction was dependent on the 
lubricant used and not on the type of the 
synthetic bearing. Where speed and load 
conditions do not encourage lubrication of 
synthetic bearings with water only, the ad- 
dition of the proper type of grease will per- 
mit satisfactory operation and _ increase 
bearing life. Each bearing has its own char- 
acteristics and a lubricant satisfactory for 
one will not necessarily do for another. 
Some experimentation may be required on 
each application as well as on the different 
makes of synthetic bearings to select the 
lubricant best suited for the work. First, 


Tue Institute 


a grease should have a film strength , 
excess of the highest bearing pressure | 
sible in the particular case; it must adhe: 
to the roll neck and resist the wiping action 
produced under load; it must not be soluls|e. 
and it must have a high melting point. |, 
should also be kept in mind that a fine {!m 
of grease is much to be preferred to a heavy, 
coating of lubricant. With these points in 
mind the search for a lubricant is a minor 
problem and the benefits received wi! 
shortly compensate for the small amount of 
work involved. 


Automatic grease systems have proved 
very satisfactory, especially in blooming mills. 
A small shot of grease to a bearing, admin. 
istered periodically, retains a film and main. 
tains economical lubrication. Grooving of 
fabric bearings is not essential. We have 
found that a heavy chamfered grease entry 
port is all that is necessary. This forms a 
pocket from which the grease spreads 
effectively. 


With proper lubrication and fitting of 
non-metallic bearings, a saving as high as 
35% in power has been realized. To 
achieve this saving’ the following sugges- 
tions are presented: 


1. Roll necks or journals should be pol- 
ished smooth, free from checks and 
pits. 


2. Chucks or bearing housings should be 
strong enough to resist the maximum 
bending force possible on the unit and 
to fit bearings to a point of suction. 


3. Synthetic bearings should be heavy- 
weight fabric. 


4. Arc of contact of bearing should be 
just large enough ‘to maintain roll 
alignment. 


5. Cooling water should be adequate to 
remove all heat generated in opera- 
tion and should be free from abrasive 
and chemical impurities. 


6. Grease lubrication, with water as 4 
coolant, is advantageous on all low- 
speed, high-pressure installations. The 
grease film should be capable of re- 
sisting rupture even under maximum 
pressure. 


Literature Cited: “Composition of Bearing 
Applications in Industry” by John A. 
Petho and Frank W. Vogt. 
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Lubrication of Eaton Two-Speed Axle 


By R. H. Gate, Planning and Order Department, Eaton Manufacturing Company 
Cleveland, Ohio 


Inadequate lubrication is a major con- 
tributor to unsatisfactory axle life. All the 
high quality material and workmanship put 
into the axle will be entirely offset by poor 
lubrication. Although inexpensive in itself, 
neglect in selecting a correct lubricant, or 
failure to change at proper intervals, always 
results in expensive repairs. (Inferior oils 
do not have sufficient film strength and the 
film strength of good quality oil may be lost 
by use over too long an interval between 
changes.) 

Suitable oil in the Eaton Two-Speed Axle 
is even more important in view of the 
heavier loads the truck—and consequently 
the gears—are called upon to handle. 


LuBRICANT REQUIRED 


To insure long gear life, use nothing but 
the best Extreme Pressure (EP) Lubricant. 
A list of the makes recommended and ap- 
proved has been compiled by Eaton engi- 
neers. Should you desire a copy of this 
listing, send your request to Eaton Manu- 
facturing Company, Service Department, 
Cleveland, Ohio. 

The most satisfactory results will be ob- 
tained only when the lubricant is of the cor- 
rect viscosity. 

For all normal temperatures use SAE 90 
EP. For very extreme high temperatures 
consistently above 100° F. use SAE 140 EP. 


LuBRICANT CHANGES 


Frequency of oil changes in the Two- 
Speed Axle depends upon the type of service 
in which the vehicle is operating. When in 
severe heavy work, the oil should be re- 
newed every 5,000 miles, but if the work 
and loads are light, changes at 10,000 mile 
intervals will be satisfactory. 

At the time of lubricant change, drain the 
axle completely and flush with light motor 
oil or flushing oil before refilling. Run the 
truck without load (or on jacks) in the low 
range to make sure that flushing oil goes 
through the planetary gears. After again 
draining, refill with recommended ‘lubricant. 


CHECKING BETWEEN CHANGES 


Oil level in the axle should be checked 
at 1,000-mile intervals. Make-up quantity 
should be added as needed. 

The various producers of Extreme Pres- 
sure Lubricants use different methods and 


chemicals to impart extreme pressure qual- 
ity to their axle oils. Very often the mix- 
ture of two different brands of EP lubri- 
cants will result in chemical reaction and 
the loss of EP quality. Never add lubricant 
to axle unless it is the same make and grade 
as that which is already in the axle. If the 
same lubricant is not available, drain, flush, 
and refill as recommended in these instruc- 
tions. 


Fittinc INstRUCTIONS 


Fill axle until oil flows from overflow plug 
which is located in the axle housing cover. 
Insert overflow plug, then add one pint of 
oil, using filler hole at top of carrier. This 
will provide the extra oil required to fill the 
differential and planetary unit. Be sure the 
axle is not overfilled. For routine refill, do 
not fill above plug level. At initial running- 
in of chassis, the axle should be left in low 
axle ratio and run without load for about 
one mile in order to circulate oil through 
the differential unit. 
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Some Technical Aspects of Launchin g Lubricants 


By Cartes W. Boxer, Jr., Standard Oil Company of New Jersey 


One point of interest is the abrupt change 
in the curves for all three pressures at a 
worked penetration of approximately 250. 
Thus, based on these data, there would be 
no advantage in using a grease of the type 
tested softer than this value. 


The variation in consistency of a typical 
slip coat with temperature is shown in Fig- 
ure 73. The balance of the data, both from 
laboratory tests and actual launchings, pre- 
sented in this paper will be on the same 
slip coat. Since it was not feasible in these 
laboratory tests to obtain coefficient of fric- 
tion data on this grease at various tem- 
peratures, the data in Figures 72 and 73 
were combined to give variation of co- 
efficient of starting friction with tempera- 
ture. Such data are given graphically in 
Figure 74 for a pressure of 1.75 long tons 


per sq. ft. 
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Data From Actual Launchings 


Lack of suitable data from launchings 
has made it practically impossible to judge 
how well such data would correlate with 
actual conditions. Recently some data were 
made available to the author which are 
ideal in that they are from the same yard 
on the same type of ship, using ways all of 
which had nearly the same declivity, and 
using the same base coat and slip coat com- 
bination applied in the same way and 
amount by the same crews. The initial unit 
pressures, which were all within very close 
limits, were near to the value of 1.75 used 
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in the laboratory data. Consequently, the 
only known variable was temperature. 


Fortunately, grease temperatures under- 
neath the ship were taken. A comparison 
of grease and air temperatures taken before 
the launchings are shown in Table 4. 


The coefficient of starting frictions cal- 
culated from the launching data are plotted 
in Figure 75. The experimental data are 
shown for comparison. The values from the 
launchings are higher than those obtained 
in the laboratory and they increase at a 
somewhat faster rate with decrease in tem- 
perature. Unfortunately laboratory data 
are not available below 25° F. so we do not 
yet know whether they would show the 
same increase indicated by the launching 
data at about this temperature. It is hoped 
that more data can be obtained in the range 
from 0° to 30° F. both in the laboratory 
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and in launchings to determine more ac- 
curately the shape of the curves in this 


region. It is also hoped that data wil! be 
available which will permit an attempr at 
correlation of starting friction data with 
different slip coats. 


Plotting Rate of Shear vs. 
Shearing Stress 


Because of the experimental error in- 
volved in obtaining coefficient of starting 
friction data with the apparatus shown in 
Figure 70 and the difficulty in obtaining 
such data over a wide temperature range, 
it was decided to approach the problem 
of correlation of laboratory and launching 
starting friction data from more basic 
grease data. In the paper “Flow Character- 
istics of Lubricating Greases,” presented at 
the N.L.G.I. meeting last year by Dr. J. C. 
Zimmer, it is pointed out that the yield 
value of a grease is the force required to 
start motion of the grease. It seemed logical 
to attempt to correlate the yield value of 
the slip coat over a'range of temperatures 
with the force necessary in the launchings 
to overcome starting friction. 


Accordingly relative yield values at sev- 
eral temperatures were obtained by plotting 
rate of shear vs. shearing stress and de- 
termining the intercept of the axis of 
abscissas (Figure 76). The values were ob- 
tained as dynes per square centimeter and 
were converted to pounds per square foot 
as shown in Table 5. 
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Table 4 AIR TEMP. °F. 0/20 


32 | 36 | 40 62 | 70 | 76| 70 


GREASE TEMP. °F. |-4 | 12 


64 
28 | 32 | 36 | 50 | 56 | 63 | 67 | 70 


TEMPERATURE 


ESTIMATED RELATIVE YIELD VALUES 


DYNES/SQ. CM. POUNDS/SQ. FT. 


26,000 52.7 


28,000 56.7 


36,000 73.0 


48,000 97.2 
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The force required to start motion in the 
case of the actual launchings and the lab- 
oratory tests were recalculated from the 
formula for coefficient of starting friction. 
In this case f and P are known values and 
F can be calculated in pounds per square 
foot. These data are plotted in Figure 77. 
It is obvious that these yield values do not 
correlate well with either these launchings 
or laboratory data. 

After the ship has started, launching 
greases have considerable effect on the speed 
of launching. Figure 80 illustrates the re- 
sistance offered by the grease in a typical 
launching. Since the resistance of the grease 
can be translated into coefficient of sliding 
friction, which in turn should be dependent 
on the grease viscosity, it was thought ad- 
visable to see if a correlation could be 
made betweer. coefficient of sliding friction 
and grease viscosity. 

Many variables have to be considered 
and assumptions made. Since coefficient of 
sliding friction varies as the ship travels 
down the ways, it was decided to use the 
minimum coefficient of sliding friction corre- 
sponding to the maximum acceleration. Fig- 
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ure 79 shows some launching data giving 
time, velocity, and acceleration curves 
versus distance traveled. The minimum co- 
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efhcient of friction is calculated by sub- 
stituting the value for maximum acceleration 
obtained from the curve in the equation: 
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32.2 cos x 
where 


f=minimum coefficient of sliding friction. 
a maximum acceleration. 


x ~angle ways make with the horizontal. 


To obtain grease viscosities, rate of shear 
would have to be known. Under launching 
conditions this would be calculated by divid- 
ing the velocity of the ship by the distance 
between the base coat and the sliding ways. 
This is a varying thickness, but a range of 
1/20” to 1/100” would probably cover 
most conditions. Assuming a range of 
velocity of 15 to 30 ft./sec. would give us 
a range of shear rates of 3,600 to 36,000 
reciprocal seconds. By plotting the apparent 
viscosity-rate of shear curves for the grease 
at several temperatures and taking values in 
the range of shear rates involved it was 
hoped a correlation might be obtained with 
the minimum coefficient of sliding friction 
data. 


Unfortunately the data on coefficients of 
sliding friction, obtained from the same 
launchings as the coefficient of starting fric- 
tion data previously shown, when plotted 
against temperature were so scattered (Fig- 
ure 78) that no correlation could be at- 
tempted. 


There are various reasons why it may be 
difficult to obtain correlation of such data. 
The actual temperature of the slip coat as 
the ways pass over it at maximum rate of 
acceleration may well have little or no rela- 
tion to the starting grease temperature or 
atmospheric temperature. Varying thick- 
nesses of slip coat would give variable rates 
of shear which in turn would affect the 
grease viscosity and the coefficient of sliding 
friction. There also may be an unknown 
effect of base coat-slip coat interlayer. The 
distances traveled before the ships hit the 
water would also affect the results, but it 
was hoped that in these launchings the dis- 
tances were uniform enough to avoid any 
effect due to this. 


Some little work also has been done in 
trying to correlate coefficient of sliding fric- 
tion when greases of different types and 
viscosities were used but the data obtained 
so far are also inconclusive. 


In the beginning of this paper it was 
stated much of the data presented are of a 
preliminary and exploratory nature. We re- 
peat this admonition in closing; however, 
if its presentation will bring out additional 
data of similar type by other investigators 
its preparation will have been justified. 


(Concluded) 
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riorate in storage. Easy to handle and 
blend. Economical to use. 

Petromix #9 also is used in the 
manufacture of emulsified solvents 
for cleaning industrial floors, trucks, 
buses, ordnance material, etc. Special 
Petromixes available to meet indi- 
vidual requirements. 

Write for Bulletin G-7 


WHITE OIL DIVISION 


L. SONNEBORN SONS, Ih 


“88 Lexington Avenue, New York 16, NY 


NoveMBer, 1944 


AUTOMOTIVE 


26 BROADWAY, NEW YORK 4, N. 


TESTING 
TOPIGS 


EVELOPED by the Esso Labora- 

tories of the Standard Oil De- 
velopment Company, Elizabeth, New 
Jersey, the S. O. D. Pressure Viscos- 
imeter is designed for measuring the 
characteristics of greases. With 
greases of known flow characteris- 
tics, users are in better position to 
select the correct grease for given 
operating conditions. The apparatus 
consists ofa suitable capillary through 
which grease is forced from a cylin- 
der by displacement with a hydraulic 
fluid from a constant volume gear 
driven motor pump. The S. O. D. 
Pressure Viscosimeter is built on 
one base, complete with set of eight 
capillaries, a series of pressure gauges 
for use up to 1000 pounds, neces- 
sary wrenches and fittings. 


Send for your copy of 96- 
page Catalog 700, invaluable 


to compounders of greases Gy 
PRECISION 
SCIENTIFIC COMPANY 


* Engineers and builders of scientific apparatus 
and production control laboratory equipment 


1750 N. SPRINGFIELD AVENUE, CHICAGO 47, ILL 


SWAN-FINCH OIL CORP. 


RCA Building 201 N. Wells St. 


New York 20, N. Y. Chicago 6, Ill. 


Manufacturers 
Lubricating Oils — Greases 
Foundry Core Oils 


DOPP 
positively- 
scraped 
GREASE 
KETTLES 
and 


PRESSURE 
MIXERS 


BUFFALO FOUNDRY & MACHINE COMPANY 
1625 Fillmore Ave. Buffalo 11, N.Y. 


ALEMITE 


WORLD’S 
LARGEST PRODUCERS 
OF 
LUBRICATION FITTINGS 
AND 
EQUIPMENT 


STEWART-WARNER CORP. 


1826 Diversey Parkway 
Chicago 


7 
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Tue Institute Spoxesa; 


“Good Oil is 


essential to good grease” 


DEEP ROCK 
“G" Cylinder Stock 
Dewaxed Bright Stocks 
and Neutral Oils 


cinanmnee DEEP ROCK OIL CORPORATION 


THE GIRDLER CORPORATION, Votator Div., Louisvilte, Ky. 


STEEL SHIPPING CONTAINERS 
STEEL PAILS AND CANS 


All Sizes—All Styles 


We would appreciate your inquiries 


Central Can Company, Inc. 
2415 W. 19th STREET 
CHICAGO, ILL. 


WOOL GREASES 


(Degras) 


Common — Neutral — Lanolin 


For 
Refined by 
OWENS-ILLINOIS GLASS COMPANY N. |. MALMSTROM & CO. 


OWENS-ILLINOIS CAN COMPANY BROOKLYN, N. Y. 
TOLEDO + OHIO | 


Specialized Glycerides Fats & Fatty Acids Ship Safely in 


and 
For The 
FATTY ACIDS Grease Manufacturer B arre Is ma d e 


for 


Lubricating Greases by J & L 
Ja STEEL BARREL COMPANY 


THE SUBSIDIARY OF 
WERNER G.SMITH CO. 
(Division of Archer-Daniels-Midland Company) W. C. HARDESTY Co., Inc. St. Louis, Mo. - No. Kansas City, Mo. - Bayonne, 
2191 West 110th St., Cleveland, O. NEW YORK, N. Y. N, J. « Philadelphia, Pa. - New Orleans, (Gretna) 


La. « Lake Charles, La. - Port Arthur, Texas 


Use Metasap Aluminum Stearate CHEK-CHART Automotive 


Lubrication Guide, Truck St 
Lubrication Charts, Trac- 
tor Lubrication Charts, 
Wall Chart, Truck and 


Bases for Clear, Transparent 


Water Insoluble Greases. Beokiet, Sorv- ke 
Digest, CHEXALL o 

Accessory Manual! 
SERVICE MAN'S p 
GUIDE to Automotive fl 
METASAP CHEMICAL Learned” Training Mans) l 
3 a 
COMPANY THE CHEK-CHART CORP. 

HARRISON, NEW JERSEY Headquarters for Automotive Service In 


624 S. Michigan Avenue, Chicago 5, tll. 


| 
GREASE 
Mm machine CORP. 
ERING 
| 
1814 
O15... 
MANUFACTURER 
CALUMET REFINING CO. 


